Objective: To evaluate whether the presence of viable myocardium, detected by low dose dobutamine echocardiography, limits the likelihood of left ventricular dilatation in patients with acute myocardial infarction. Patients: 107 patients were studied by low dose dobutamine echocardiography at (mean (SD)) 3 (1) days after acute myocardial infarction. Cross sectional echocardiography was repeated three months later. Patients were divided in two groups based on the presence (n = 47) or absence (n = 60) of myocardial viability. Results: Baseline characteristics were comparable between the two groups, except for infarct location. Left ventricular end diastolic volume index (EDVI) was stable in patients with viability, but end systolic volume index (ESVI) decreased significantly (p = 0.006). Patients without viability had a significant increase in both EDVI (p < 0.0001) and ESVI (p = 0.0007). Subgroup analysis in patients with small and large infarcts (peak creatine kinase < 1000 v > 1000 IU/l) showed that ventricular dilatation occurred only in patients with large infarcts without viability. This resulted in larger ESVI values at three months in that group compared with patients with large infarcts plus viability (p < 0.05). Multivariate regression analysis identified myocardial viability as an independent predictor of left ventricular dilatation, along with wall motion score index on low dose dobutamine echocardiography and the number of pathological Q waves. Conclusions: The presence of viability early after acute myocardial infarction is associated with preservation of left ventricular size, whereas the absence of viability results in ventricular dilatation, particularly in large infarcts.
Objective: To evaluate whether the presence of viable myocardium, detected by low dose dobutamine echocardiography, limits the likelihood of left ventricular dilatation in patients with acute myocardial infarction. Patients: 107 patients were studied by low dose dobutamine echocardiography at (mean (SD)) 3 (1) days after acute myocardial infarction. Cross sectional echocardiography was repeated three months later. Patients were divided in two groups based on the presence (n = 47) or absence (n = 60) of myocardial viability. Results: Baseline characteristics were comparable between the two groups, except for infarct location. Left ventricular end diastolic volume index (EDVI) was stable in patients with viability, but end systolic volume index (ESVI) decreased significantly (p = 0.006). Patients without viability had a significant increase in both EDVI (p < 0.0001) and ESVI (p = 0.0007). Subgroup analysis in patients with small and large infarcts (peak creatine kinase < 1000 v > 1000 IU/l) showed that ventricular dilatation occurred only in patients with large infarcts without viability. This resulted in larger ESVI values at three months in that group compared with patients with large infarcts plus viability (p < 0.05). Multivariate regression analysis identified myocardial viability as an independent predictor of left ventricular dilatation, along with wall motion score index on low dose dobutamine echocardiography and the number of pathological Q waves. Conclusions: The presence of viability early after acute myocardial infarction is associated with preservation of left ventricular size, whereas the absence of viability results in ventricular dilatation, particularly in large infarcts. P rogressive left ventricular dilatation after acute myocardial infarction, a process often referred to as remodelling, is associated with a poor prognosis. [1] [2] [3] Alterations in left ventricular architecture involving both infarcted and noninfarcted myocardium lead to progressive deterioration in left ventricular function. 4 Several factors predict this process: anterior infarct location, infarct size, and patency of the infarct related artery are all independently associated with progressive left ventricular dilatation. [4] [5] [6] [7] [8] [9] [10] [11] It has been found that significant dilatation occurs only after transmural myocardial necrosis. [12] [13] [14] The presence of viable myocardium in the outer layers of the ventricular wall may contribute to the maintenance of left ventricular size. 12 15 Under normal conditions, the outer layer of the myocardium does not show much systolic thickening, in contrast to the inner layer which is the major contributor to wall thickening in systole. 16 Hence wall thickening at rest may be severely diminished after necrosis of just the inner layer of the myocardium. It has been shown that stimulation by dobutamine under these circumstances results in increased thickening of the outer layers of the myocardium and increased overall wall thickening. 17 We hypothesised that the presence of dobutamine responsive wall thickening after acute myocardial infarction might indicate viable myocardium in the outer layers of the ventricular wall, which could prevent left ventricular dilatation. We tested this hypothesis using low dose dobutamine echocardiography in patients with acute myocardial infarction.
METHODS

Patients
The study population comprised 107 consecutive patients with acute myocardial infarction, admitted to the coronary care units of the Free University Hospital and the Sint LucasAndreas Hospital. Myocardial infarction was documented by a history of typical chest pain, ST segment elevation in two contiguous leads, and a transient rise in creatine kinase exceeding twice the upper limit of normal. Patients treated with and without thrombolysis or primary coronary angioplasty and with first or recurrent infarction, and those with Q wave or non-Q wave infarction, were eligible. Patients without baseline wall motion abnormalities or with technically difficult echocardiographic studies were excluded. Other exclusion criteria were: postinfarction angina or infarction complicated by severe haemodynamic instability; sustained ventricular tachycardia or ventricular fibrillation occurring more than 24 hours after admission; and additional revascularisation procedures before inclusion. Patients were also excluded if they had mitral valve replacement before their second echocardiogram or if there was no echocardiographic follow up. All patients gave their informed consent to this prospective study, which was approved by the science and ethics committee of our institutions.
Echocardiography
Low dose dobutamine echocardiography was performed at 3 (1) days (mean (SD); range 2-5 days) after myocardial infarction, using a Hewlett-Packard Sonos 1500 or Sonos 2500 instrument (Hewlett-Packard Inc, Andover, Massachusetts, USA) with a 2.5 MHz transducer. β Blockers were withdrawn 24 hours before the test.
After baseline cross sectional echocardiography, dobutamine was given intravenously at doses of 5 and 10 µg/kg/ min for five minutes at each dose. Patients underwent continuous ECG monitoring, and blood pressure was recorded at the end of each stage. Standard parasternal and apical views were recorded on half inch VHS videotape at baseline and at the end of the dobutamine infusion. Follow up cross sectional echocardiography was repeated 3 (1) months later.
The echocardiographic images were digitised and displayed side by side in quad screen format to facilitate the comparison of images. Dobutamine echocardiograms were analysed by two observers. A third observer was involved in cases of disagreement, and a majority decision was reached. Wall motion was evaluated visually, using both endocardial motion and systolic wall thickening, and was semiquantitated using a 13 segment model of the left ventricle and a four point scoring system: 1, normokinesia; 2, hypokinesia; 3, akinesia; 4, dyskinesia. 18 The assessment was based both on the digitised images displayed in a quadscreen format and on a review of the images recorded on videotape. Myocardial viability was defined as an improvement in wall motion in two or more contiguous segments during dobutamine infusion. Improved wall motion was defined as hypokinetic segments that normalised, and akinetic or dyskinetic segments that became hypokinetic or normal. Wall motion score index was calculated by summing the scores for each segment and dividing by the number of segments analysed.
Left ventricular end diastolic and end systolic volumes were determined from apical two and four chamber views using the Simpson biplane formula, according to the recommendations of the American Society of Echocardiograpy. 19 Tracing of the endocardial borders was performed on a digitised frame from the technically best cardiac cycle (ECHO-CMS, Medis Medical Imaging Systems, address), 20 and volumes were normalised for body surface area. Ejection fraction was calculated as [end diastolic -end systolic volume]/end diastolic volume. An increase of more than 10% in end diastolic volume index (EDVI) at follow up was defined as significant left ventricular dilatation.
Statistical analysis
Baseline descriptive data are presented as mean (SD). Group differences in clinical and echocardiographic variables were assessed by unpaired Student's t test or by χ 2 analysis for proportions. Changes in left ventricular volume over time were analysed by paired Student's t test. Those variables that were significantly different between patients with and without left ventricular dilatation were submitted to univariate regression analysis. Variables that showed a significant correlation with left ventricular dilatation were included in the multivariate stepwise logistic regression model to determine the independent correlates. A probability value of p < 0.05 was considered significant. 
RESULTS
Patients
On the basis of the results of low dose dobutamine echocardiography, patients were divided into two groups: 47 patients with viability and 60 without. Baseline characteristics of the two groups are shown in table 1. All clinical and echocardiographic results were similar, except for infarct location: inferior infarction was more common in patients without viability (p < 0.05). Importantly, enzymatic and echocardiographic indicators of infarct size were comparable between the two groups.
Left ventricular volumes
In patients with viability, EDVI was stable throughout the study period (baseline value, 63 (8) ml/m 2 ; follow up value, 64 (10) ml/m 2 ; NS), while end systolic volume index (ESVI) decreased from 33 (7) ml/m 2 at baseline to 30 (8)ml/m 2 at three months (p = 0.006). In contrast, left ventricular volume indices increased significantly in patients without viability: EDVI from 63 (16) to 68 (20) ml/m 2 (p < 0.0001), and ESVI from 33 (15) to 36 (18) ml/m 2 (p = 0.0007). Table 2 shows the changes in left ventricular volume indices in the two groups in a subgroup of patients with small and large infarcts, based on enzymatic infarct size (peak creatine kinase < 1000 IU/l and > 1000 IU/l). Baseline values were comparable between subgroups. In small infarcts, EDVI remained unchanged during the study period in both groups. ESVI decreased significantly in patients with viability but not in those without. The mean percentage change in ESVI was −9% and +2% in patients with and without viability, respectively (p = 0.008; fig 1) .
Left ventricular dilatation
Significant left ventricular dilatation occurred in 23 (21%) of the 107 patients. Clinical and echocardiographic data on patients with and without left ventricular dilatation are summarised in table 3. Patients with dilatation had a larger enzymatic infarct size, more pathological Q waves, and angiotensin converting enzyme (ACE) inhibitors were more often prescribed in this group. Patients with dilatation also had more compromised left ventricular systolic function, both at rest and during low dose dobutamine echocardiography, and less often showed myocardial viability. Both wall motion score indices and the number of akinetic segments were significantly lower on low dose dobutamine echocardiography than at rest in patients without ventricular dilatation (p < 0.0001), but not in patients with dilatation (NS). All those variables were found to be predictive of ventricular dilatation on univariate analysis, while wall motion score index on low dose dobutamine echocardiography was the single best predictor (p < 0.0001; table 4). When multivariate stepwise logistic regression analysis was performed (including all significant baseline variables in the model), only three variables emerged Figure 1 Mean percentage change from baseline in left ventricular end diastolic and end systolic volume indices (EDVI and ESVI) in patients with and without viability, in a subgroup of patients with small (peak creatine kinase < 1000 IU/l) and large (peak creatine kinase > 1000 IU/l) myocardial infarcts. as independent predictors of subsequent ventricular dilatation: myocardial viability, wall motion score index at low dose dobutamine echocardiography, and the number of pathological Q waves (table 4) .
DISCUSSION
Myocardial viability and left ventricular dilatation
At rest, most of the left ventricular wall thickening reflects thickening of the inner layer of the myocardium. The middle layer contributes only moderately to overall wall thickening, while the outer third contributes only minimally. 16 Thus necrosis predominantly affecting the inner layer may lead to significantly diminished wall thickening at rest. Liebermann and colleagues showed complete loss of systolic wall thickening in dogs with infarction involving more than 20% of the wall thickness, whereas infarcted segments where the transmural extent was less than 20% showed reduced systolic thickening compared with non-infarcted segments. 21 Although the middle and outer layers of the myocardium thicken little at rest, they thicken more with catecholamine stimulation and thus contribute to overall wall thickening during dobutamine infusion. 17 Thus the presence of dobutamine responsive wall thickening may indicate the presence of viable myocardium in the middle and outer layers of the ventricular wall. Hochman and Bulkley showed in an experimental study that even a small rim of viable epicardial myocardium may be sufficient to prevent or lessen infarct expansion. 12 While infarct expansion was common in transmural infarcts, it did not occur in non-transmural infarcts or in infarcts that had only small areas of transmurality with a rim of preserved epicardium surrounding most of the infarct. In addition, Pirolo and colleagues have shown in a large necropsy study that the degree of transmurality was an important predictor of infarct expansion. 13 Thus infarct expansion and left ventricular remodelling may occur less in the presence of viable myocardium. Indeed, our study showed preservation of left ventricular volumes in patients with myocardial viability, whereas those without viable myocardium had a significant increase in EDVI and ESVI. Multivariate analysis of our data even showed that the absence of myocardial viability is an independent predictor of ventricular dilatation.
Our data are in line with previous studies. Bolognese and associates found that the extent of infarct zone viability was the most powerful independent predictor of left ventricular dilatation in 93 patients with their first acute myocardial infarct treated by coronary angioplasty. 22 Dionisopoulos and colleagues studied 30 patients with Q wave myocardial infarction. 23 Although not shown in their results and figures, they concluded that myocardial viability was a strong predictor of left ventricular dilatation. 23 Other predictors of ventricular dilatation Infarct size has been found to be one of the most important determinants of infarct expansion and ventricular remodelling. 4-13 24 25 One important difference between our study and that of Bolognese and associates 22 is that in our study infarct size was more significantly related to ventricular dilatation than to myocardial viability. More specifically, left ventricular dilatation did not occur in the subgroup of patients with small infarcts, irrespective of the presence or absence of viability. This is in line with the concept that left ventricular dilatation occurs only after a certain threshold of myocardial damage. Hochman and Bulkley showed in an experimental study that only infarcts involving more than 17% of the left ventricle had infarct expansion. 12 In the study of Bolognese and associates, however, ejection fraction and wall motion score index were not predictive of left ventricular dilatation, while peak creatine kinase was less strongly predictive than myocardial viability. 22 We showed that wall motion score index on low dose dobutamine echocardiography was more significantly related to ventricular dilatation than was wall motion score index at rest. This is not surprising as wall motion abnormalities at rest may be the result of myocardial necrosis or temporary failure of mechanical function owing to transient ischaemia (referred to as myocardial stunning). 26 27 In the latter case there may be contractile reserve which can be demonstrated by dobutamine infusion. [28] [29] [30] [31] [32] [33] Thus the extent of wall motion abnormalities on low dose dobutamine echocardiography represents the extent of myocardial necrosis (true infarct size) better than the wall motion abnormalities at rest.
Another independent predictor of ventricular dilatation in our study was the number of pathological Q waves. The presence of Q waves on the ECG is often used as a clinical indicator of transmurality, although this criterion is neither sensitive nor specific. 34 Previous studies have shown that Q wave infarction is associated with greater transmurality and more remodelling than non-Q wave infarction. 11 35 36 Recently, Irimpen and colleagues found in a clinical study of 45 patients that an increase in end diastolic volume index did not occur after non-Q wave infarction. 36 After adjustment for infarct size in multivariate analysis, Q wave infarction still added significantly to the prediction of dilatation in that study. In our study, the number of pathological Q waves was more significantly related to ventricular dilatation than was Q wave infarction as such. Thus a large number of Q waves probably reflects both greater transmurality and greater infarct size. Finally, it has been reported that infarct expansion is more common in patients with anterior infarction. 4 Our study had a seemingly paradoxical finding: the group without viability and thus with expansion had predominantly inferior infarcts, while the group with viability and thus without expansion was predominantly composed of anterior infarcts. Subgroup analysis, however, showed that the incidence of left ventricular dilatation in patients with viability was similar in those with anterior and inferior infarcts (7% and 11%, respectively). In those without viability, left ventricular dilatation occurred in 11 patients with anterior infarction (48%) compared with eight patients with inferior infarction (22%, p < 0.05).
Study limitations
One of the limitations of our study was the uncontrolled medical management after myocardial infarction. Patients received drug treatment according to individual need, which remained the responsibility of the attending physician. Hence ACE inhibitors were more often given to patients with large infarcts. As left ventricular dilatation only occurred in those with large infarcts, this produced the paradoxical finding that ACE inhibitors were univariate predictors of left ventricular dilatation. It is not surprising that patients with large infarcts may show an increase in left ventricular volume despite ACE inhibitor treatment. Although ACE inhibition after myocardial infarction limits subsequent ventricular dilatation, 37-39 the CATS (captopril and thrombolysis) trial showed that dilatation was not prevented by captopril in the subgroup of patients with a large infarct. 39 Furthermore, additional revascularisation procedures before follow up echocardiography could not be standardised. There was a trend towards a larger number of revascularisation procedures in patients with viability (28% v 17%) and in patients without ventricular dilatation (24% v 13%), but these differences were not significant. When analysis was restricted to the 84 patients without revascularisation before the second echocardiogram, there was no essential change in the results. On multivariate regression analysis, wall motion score index at low dose dobutamine echocardiography, myocardial viability, and the number of pathological Q waves remained the independent predictors of ventricular dilatation.
Finally, coronary angiography was not performed routinely in this study. Only 58 (54%) of the 107 patients underwent this procedure, at the discretion of the cardiologist. Both multivessel disease and an occluded infarct related artery were more common in patients with ventricular dilatation than in those without (62% v 42% and 38% v 27%, respectively). The small number of patients, however, limits the detection of differences owing to insufficient statistical power.
Conclusions
Our study shows that the presence of viability early after acute myocardial infarction is associated with preservation of left ventricular size, whereas absence of viability results in ventricular dilatation, particularly in large infarcts. This finding is likely to be of prognostic importance, as mortality increases with increased left ventricular volumes. Carlos and colleagues showed that both large echocardiographic infarct size at low dose dobutamine echocardiography and nonviability were independent predictors of an adverse outcome. 40 The same variables were independent predictors of left ventricular dilatation in our present study. Thus large infarct size, absence of viability, left ventricular dilatation, and adverse prognosis are strongly interrelated. previously healthy 42 year old woman was referred after the discovery of a 3/6 diastolic murmur maximal at the aortic region, with vigorous pulsation of the suprasternal notch. Echocardiography followed by magnetic resonance imaging (left) revealed a fusiform aneurysm of the ascending aorta measuring 7 cm in diameter, without evidence of dissection, extending from the aortic root up to the brachiocephalic artery, associated with severe aortic regurgitation. The patient underwent a Bentall procedure. Histological examination of the operative material showed Erdheim-Gsell cystic medial necrosis of the aorta (below). 
